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Introduction
Chronic lower limb ulcers (LLU) occur most commonly as result of complications of venous hypertension, arterial insufficiency, and diabetes. Evidence-based (EB) guidelines for etiology-specific ulcer care exist. [1] [2] [3] [4] [5] Yet in both specialty and general settings, the delivery of evidence-based ulcer care is not uniform. Reasons include the broad clinical spectrum of chronic ulcers, contributions from other medical comorbidities, the many health care disciplines performing ulcer care, the time-and laborintensive care required to achieve healing, and the poor coordination and hand offs for care among health care providers in different healthcare systems caring for the same patient.
Evidence-based ulcer care is associated with improvements in chronic venous ulcer outcomes. A recent study by Olsen et al. 6 assessed the impact of EB ulcer care on healing of venous ulcers which account for over 70% of all LLUs 7 . They reported the likelihood of venous ulcer healing among Veterans increased when compression therapy, sharp debridement, and moist wound healing were all provided in at least 80% of visits (RR= 2.52; 95% confidence interval [CI]: 1.53-4.16). Compression therapy and moist wound healing both independently increased the likelihood of healing when performed at ≥ 80% of visits, however debridement alone was not significantly associated with venous ulcer healing. 6 Arterial insufficiency, the second most common cause of LLUs, comprises 10-30% of all chronic LLUs 7 . Diabetic LLUs comprise 15-25% of ulcers 7 and have the worst prognosis and the highest amputation rate. 5, 8 Since the prevalence of diabetes is higher among Veterans (24%) compared to the general population (8%), they experience higher rates of diabetes-related ulcers and amputations making this a priority clinical problem. 9 Although individual components of EB ulcer care have been associated with improved wound healing for venous, arterial, and DFU/neuropathic ulcers (Table 1) , Olsen et al. was the only study we found on the impact of guideline concordance on outcomes. In addition despite existence of EB guidelines, there is still a significant practice gap in the evidence-based diagnosis and treatment of these ulcers 10 . EB guidelines recommend referral to specialized care as part of a multidisciplinary provider team to achieve optimal outcomes for ulcers extending 4-12 weeks [10] [11] [12] [13] . A correlation between ulcer duration at the time of first specialty evaluation and the time to subsequent healing was established by two studies 14, 15 , suggesting that timely referral to specialty care could be an important part of good ulcer care.
The VA recognizes the impact of chronic lower limb ulcers on function, quality of life, and healthcare cost. VHA developed multidisciplinary programs such as High Risk Foot Clinics and Preservation-Amputation Care and Treatment (PACT) teams, to prevent or delay amputations through proactive identification of patients at risk of limb loss. Therefore the purpose of this study is to investigate the frequency with which components of EB ulcer care are performed, and their impact on LLU outcomes among Veterans. We also assessed the impact of early specialty care utilization on ulcer healing among Veterans with chronic LLUs. We hypothesized that Veterans receiving EB ulcer care and those with earlier access to specialty wound care would experience improved ulcer outcomes.
Methods
Subject Selection: This study, a retrospective medical records review, was conducted in the VA's Northwest Health Network (VISN 20), which consisted of 8 parent facilities and 23 community based outpatient clinics (CBOCs) during the study period. This project was approved by IRBs at both the VA Puget Sound Health Care System and the University of Washington. A set of high-probability ICD-9 codes (n=46), based on previous studies, was used to identify potential subjects with at least one incident LLU professional including nurse practitioners and physician assistants), and general nurse practitioners. Table 1 provides detail on definition of each element and the supporting evidence.
Health history was recorded at baseline (first ulcer treatment visit) and was based on the diagnoses listed in the medical record or noted by the provider during the exam. All conditions were classified as present or absence except diabetes: diabetes presence and control was included as a threelevel variable: no diabetes, controlled diabetes, and uncontrolled diabetes. HbA1C levels were used to define diabetes control; values above 7.0 were considered uncontrolled while those equal to and lower than 7.0 were considered to be controlled. Rural residence was defined using the VA's classification system, which considers United States Census Bureau-defined Urbanized Areas (Census blocks or block groups with a minimum density of 1,000 people per square mile) and surrounding blocks with a minimum density of 500 people per square mile to be urban. Any non-urban area is considered rural.
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Ulcer outcomes: We followed Veterans' first incident ulcer from the first VA visit up to one year for the following outcomes: healed, amputated, died with active ulcer, unresolved ulcer at end of observation period, and lost to follow-up. If an ulcer did not heal within one year of first treatment, the outcome was considered 'unresolved'. If the ulcer resolution date was not stated in the chart but the ulcer was on a healing trajectory (e.g., decreasing size, evidence of granulation), the healed date was estimated as the date of the next visit when the ulcer was no longer mentioned, if this visit was within 6 months of the preceding ulcer treatment visit, or as the mid-point of the most recent visit and last visit if more than 6 months elapsed.
Statistical analysis: Cox models were used to assess the impact of ulcer care components and early specialty care on time to healing of LLUs, with days to healing as the dependent variable and the outcome. A hazard ratio above 1 implies improved chance of healing. A separate Cox model was created for each of the three ulcer types. All models included rural status; age at first study ulcer presentation; To describe patterns of care and specialty care utilization, we calculated the proportion of visits when Veterans with each ulcer type saw a specialist, primary care provider, urgent care, wound care provider, or general nurse. In order to assess whether utilization of specialty care among Veterans with chronic LLUs influenced healing, we created four additional etiology-specific Cox models. The primary exposure in each model was a specialty care visit within one month of the first ulcer-related visit. For venous ulcers, specialties of interest were vascular surgery, orthopedics, and dermatology. For arterial ulcers, the specialty of interest was vascular surgery. For DFU/neuropathic ulcers the specialties of interest were podiatry, vascular surgery, orthopedics, and dermatology. Given the differences in training and practices, we created two separate models for DFU/neuropathic ulcers: one assessing the influence of podiatry on ulcer healing and the second assessing the influence of the vascular surgery, orthopedics, and dermatology on ulcer healing. These models did not adjust for the ulcer care components.
Data management was conducted using SAS 9.2 (Cary, NC) and statistical analyses were conducted in STATA 12.1 (College Station, TX). For each model, we tested to see if the proportional hazards assumptions for the Cox model were satisfied.
We used the Multiple Imputation by Chained Equations (MICE) method to impute missing values, specifically: 6 missing BMI, 1 history of lower leg ulcer, and 12 history of smoking values. Factors used to predict these values were history of diabetes, PVD, CAD, age at ulcer onset, previous lower limb amputation, congestive heart failure, and renal disease. We used 10 simulated datasets to impute the data.
Results
There were 224 Veterans from the parent study who had venous, arterial, or DFU/neuropathic ulcer etiology and were included in this study [Table2] . There were 78 venous, 57 arterial, and 98 DFU/Neuropathic. Most Veterans were white males in their mid to late 60's. Their health history was similar across ulcer groups with the exception of higher prevalence of diabetes and metabolic syndrome among those with DFU/neuropathic ulcers, higher prevalence of PVD, CAD, and smoking in arterial ulcer group, and higher prevalence of venous insufficiency among those with venous ulcers [ Table 2 ].
Proportion of Veterans with venous, arterial, and DFU/neuropathic ulcers who had history of diabetes were 47, 70, and 89% respectively [ Table 2 ].
Ulcer Outcomes: Nine Veterans had ulcers with two etiologies; of these 6 were mixed arterialvenous, and 3 were DFU-arterial ulcers [ Table 3 ]. The highest percentage of healed ulcers was in Veterans with diabetes followed by venous ulcers and finally arterial ulcers (75%, 72% and 53% respectively). The highest proportion of amputations occurred in Veterans with arterial ulcers (23%)
followed by Veterans with DFU/Neuropathic Ulcers (15%) and Veterans with venous ulcers (1%). The highest proportion of deaths was in the arterial ulcer group (12%). After one-year follow-up the highest proportion of unhealed ulcers was in the venous ulcer group (18%).
Components of evidence-based ulcer care and ulcer healing: Among Veterans with a venous ulcer, 20% had edema assessment or moist wound healing elements in at least 80% of their visits.
However sharp debridement was not performed on at least 80% of visits for any Veteran with venous ulcer and therefore this variable was excluded from venous ulcer analysis. There was a significantly higher chance of healing among Veterans receiving edema assessment on at least 80% of visits (HR=3.20, 95% CI: 1.34-7.66, p= 0.009) and infection assessment on at least 80% of visits (HR=3.54, 95% CI 1.42-8.79, p= 0.006) (Table4).
Among Veterans with arterial ulcers, 32% had infection assessment in at least 80% of visits, 56%
had ischemia assessment on the first visit, and 39% had a vascular surgery evaluation within 30 days of ulcer presentation. All arterial ulcer care HRs were above 1 but not statistically significant [ Table 4 ].
Among Veterans with DFU/neuropathic ulcers, 19% has sharp debridement on at least 80% of visits, 19% had moist wound healing on at least 80% of visits, 50% had infection assessment on at least 80% of visits, 13% had offloading on at least 80% of visits, and 50% received an ischemia assessment at their first visit. The chance of healing for Veterans having sharp debridement in at least 80% of visits was 2.5 times the chance of healing for those receiving this component on less than 80% of visits (95% CI:
1.10-5.80 p=0.03). Ischemia assessment at the first visit doubled the likelihood of ulcer healing (HR=2.0, 95% CI: 1.0-3.9, p=0.045). The remaining three wound care components, moist wound healing, infection assessment, and offloading, were not significantly associated with ulcer healing (Table 4) .
Professional care encounters and impact on LLU healing: A specialty care encounter within 30 days of ulcer onset was not significantly associated with improved ulcer healing for Veterans with any ulcer etiology (data not show).
General nurses and wound-care providers performed the highest proportion of venous ulcer visits (39% and 37%, respectively). Specialty care combination of orthopedics, dermatology, and general surgery, followed by general nursing, performed the highest proportion of arterial ulcer care visits.
Podiatrist performed the highest proportion of DFU/neuropathic ulcer visits (43%), followed by general nursing (29%).
Discussion
The major finding of this study is that components of EB ulcer care are not uniformly performed on at least 80% of visits for the majority of VISN 20 Veterans with chronic LLU. EB ulcer care guidelines do not currently specify the frequencies for performing components of EB ulcer care. We set 80% of visits as a satisfactory threshold for ulcer care components based on a recent study by Olsen et al. on venous ulcer healing, as well as two prior studies examining guideline-concordant care in heart disease and depression. 6, 19, 20 Unlike Olsen et al. we found that very few Veterans received combination of all EB ulcer care components in at least 80% of their visits. Therefore we were unable to analyze the impact of all EB ulcer components performed in at least 80% of visits on ulcer healing. This may reflect the differences in setting and Veteran populations between the two studies. While Olsen et al. studied mainly urban Veterans receiving care at two multidisciplinary, tertiary care centers, our study included Veterans receiving ulcer care across VISN 20 rural and urban clinics.
As hypothesized, we observed that both edema and infection assessment on at least 80% of visits significantly improved the chance of healing among Veterans with venous ulcers. We were unable to assess the association between debridement performance and healing since debridement of venous ulcers was done so infrequently. Sharp debridement had the greatest impact on DFU/neuropathic ulcer healing when performed on at least 80% of visits; this was followed by ischemia assessment at first visit that also significantly improved healing time. These findings emphasize the importance of sharp debridement and ischemia assessment in the management of DFU/neuropathic ulcers.
Increasing the proportion of visits where edema was treated with compression therapy had no effect on venous ulcer healing (HR=1.00, 95% CI: 0.99-1.01, p=0.680). Two reasons for his could be first the lack of power to detect this relationship due to the small sample size and second, poor patient compliance with compression therapy. A large study on patient compliance with compression therapy reported that 63% of patients with chronic venous disease did not use compression stockings at all, and only 21% used them on a daily basis. 21 The study estimated that stockings were unusable in about a quarter of patients because of general health or limb conditions, they were ineffective despite compliance in a third of patients, and in the remainder, major cause of treatment failure was noncompliance. 21 Dressings enhancing moist wound healing for at least 80% of visits in both venous and DFU/neuropathic ulcers was suggestive of decreased chance of healing, though results were not statistically significant (Table4). This trend is challenging to explain considering previous literature suggesting moist wound environment with occlusive dressings improves chronic wound healing by stimulating granulation tissue, and inducing autolytic debridement. 2, 3, 22, 23 However, the possibility of ulcer infection is the most significant disadvantage of moist wound healing, along with risk of inducing an exudative phase in an otherwise dry ulcer. 24 Therefore it is possible that moist wound healing in fact did have negative effect on healing.
A limitation of this study is our definition of debridement, which was sharp debridement and excluded enzymatic and mechanical methods. larger and more complex ulcers are more likely to be referred to specialty care, their poorer outcomes compared to less severe ulcers can confound the true impact of specialty care on healing.
In conclusion we found that components of EB ulcer care are not uniformly performed on at least 80% of visits for the majority of VISN 20 Veterans with chronic LLU; and when performed at this threshold, only few components were significantly associated with improved time to healing. In our study, most of the ulcer care components were performed in a higher proportion of visits by vascular surgery and other specialties combined (dermatology, general surgery, orthopedics), followed by podiatry and wound-care nurses. Rural Veterans have reduced access to high-specialty providers, which could impact the quality of healthcare they receive 26 . In our literature search we did not find chronic ulcer care studies that actively recruited rural residence. Considering that Veteran enrollees in the VHA are 41% rural 27 , the result of our study comprising of 50% rural Veterans is unique in that it reflects access to chronic ulcer care received by a representative sample of Veterans in the VA. Further studies are needed to compare the ulcer care components among rural and urban Veterans and to shed light on the possible impact of rurality on evidence-based ulcer care. All chronic ulcers 1-3, 44, 45 Infection assessment: ulcer examination for signs of invasive bacterial infection of soft tissue or bone Amputated n (%) 1 (1) 13 (23) 15 (15) Death n (%) 6 (8) 7 (12) 3 (3) Unresolved n (%) 14 (18) 6 (10) 7 (7) Loss to follow-up n (%) Infection assessed at ≥80% of visits 51 0.80 0.41-1.6 0.509 *Percent Veterans with the specific ulcer etiology for whom listed component of ulcer care was achieved † Model also included: rural status; age at first study ulcer presentation; smoking status; and history of PVD, CAD, diabetes, lower limb ulcer, lower limb amputation, and moderate to severe renal disease. ‡ Model also included: rural status; age at first study ulcer presentation; smoking status; and history of CAD, diabetes, lower limb ulcer, lower limb amputation, and moderate to severe renal disease. §Model also included: rural status; age at first study ulcer presentation; smoking status; and history of PVD, CAD, lower limb ulcer, lower limb amputation, and moderate to severe renal disease.
Conclusion and future recommendation
Chronic wounds have a considerable impact on morbidity, mortality, and quality of life, and therefore should receive high quality evidence based wound treatment. However, partly due to the overwhelming amount of literature with often conflicting results, treatment decisions are generally based on personal opinion and provider preference. 33 The body of evidence on individual components of care to treat major chronic ulcer etiologies is substantial (Table 1) . However, the impact of combinations of these wound care components on ulcer healing has rarely been investigated. Originally the goal of this research project was to combine components of etiology specific ulcer care in one 'evidence-based good ulcer care' variable, and to investigate the effect of such variable performed in at least 80% of visits on time to healing. The components of good care for each ulcer etiology are listed in Table 1 .
Preliminary examination of data however revealed that very few Veterans received all components of EB wound care in at least 80% of their visits. This finding was consistent among all three ulcer etiologies.
Since creating a good ulcer care variable was not reasonable, we decided to examine the effect of each ulcer care component on time to healing, while adjusting for health history variables and other wound care components (Table 4) .
Another objective of this study was to investigate the impact of specialty care on ulcer healing.
We did not find any significant difference in healing time in patients who received specialty care within one months of ulcer onset as compared to those who did not (Table 5) . We then computed the proportion of ulcer care visits for each etiology that was performed by specialists, primary care providers, wound care nurses, and general nurses (Table 6 ).
In order to explore the quality of EB ulcer care performed by each provider type, we computed how often each type of provider performed components of EB ulcer care (Table 7) . Among Veterans with venous ulcers, vascular surgery followed by combination of orthopedics, dermatology, and general surgery provided the highest level of edema treatment (93% and 86% of visits, respectively). Wound-care providers followed by specialty care (orthopedics, dermatology, and general surgery) performed moist wound healing most frequently. Veterans with DFU/neuropathic ulcers received overall better ulcer care from podiatry, which performed sharp debridement at 69% of visits, offloading at 54% of visits, and moist wound healing at 49% of visits. Wound-care providers however performed moist wound healing at a higher proportion of visits compared to podiatry (82%). Vascular surgery, podiatry, and urgent care providers assessed for ulcer infections more often that did other provider types.
We further investigated the relationship between diabetes control and time to healing across all three ulcer types. Adequate diabetes control was defined as A1C value <7.0. We did not see any significant association between diabetes control and ulcer healing. Results are shown in Table 8 . There
were no statistically significant findings by A1C across any of the ulcer groups.
Future prospective studies with larger sample size are needed to assess the impact of guideline concordance ulcer care on healing. Our parent study included 320 Veterans with chronic ulcers of all etiologies, however only 224 of these had etiology of interest for this study. Future studies should screen ulcers by etiology and only include ulcers with etiology of interest. Considering that most Veterans in our study did not receive guideline concordant care at majority of their visits, a prospective study can help improve this limitation by requiring that providers assess for and perform all EB ulcer care components at appropriate intervals if clinically applicable. A prospective study could also improve the quality of the provider progress notes. For example an etiology specific ulcer care standardized template could greatly improve patient care as well as improve data quality for research. will be present while edema and ischemia will be absent. An ICD-9 code of 250.8/707or both codes individually listed within a single encounter are likely to indicate diabetic etiology in the absence of PVD.
There are diabetic patients who have foot ulcer and also suffer from severe peripheral arterial disease. In these cases, if there was strong evidence of arterial insufficiency preventing ulcer healing, the ulcer was classified as "arterial". Strong evidence consisted of 1-vascular surgeon note indicating that arterial insufficiency is preventing healing 2-if no vascular surgery note was present then ulcer was considered arterial only if ABI was <0.6 AND no pedal pulses were present AND a provider diagnosed the lesion as arterial ulcer and not DFU. In cases with suspected arterial insufficiency and lack of evidence for arterial disease, foot ulcers in a diabetic patient were classified as DFU.
Arterial ulcer etiology Arterial ulcers typically occur on trauma prone areas of the foot and the level of the ankle or higher in the absence of venous insufficiency or edema. ICD-9 codes 443, 440.9, and 440.24 are likely to indicate an arterial ulcer. The patient's medical record is reviewed for foot exams confirming absent to no pulse as well as ABI recordings of 0.8 or less on the affected leg. If patient has signs of arterial insufficiency in conjunction with signs of venous disease (edema, skin venous stasis changes, varicose veins) then specialty notes such as vascular surgery and dermatology notes are reviewed to assess relative contribution of each etiology to the chronic ulcer. If one etiology appears to dominate the non-healing process, then that etiology is selected as the study etiology. However, if two or more processes appear to be involved with unclear relative contributions, then ulcer etiology is labeled as "mixed" followed by the listing of each etiology suspected. When no specialty notes are available, physical exam and ABIs as well as ulcer location and patient history were used to make a clinical judgment on ulcer etiology. ABI results superseded pedal pulse examination by providers in ruling out arterial disease unless specialty notes mentioned suspicion that ABI was artificially elevated due to severe vascular disease.
Venous ulcer etiology These ulcers typically occur at the level of the ankle or higher in patients who do not have arterial disease or diabetes and who do have edema. High likelihood codes for venous ulcers include ICD-9 codes 782, 459.31, and 459.81. Physical exam notes are reviewed to ensure presence of edema at the time of ulcer occurrence, as well as signs of sufficient arterial flow to rule out arterial etiology. Considering that assessment of pedal pulses is challenging in the setting of severe edema, multiple physical exam notes before and after ulcer occurrence and edema control were reviewed to ensure the presence of pedal pulse. If ABI was > 0.8 on the affected side, this result superseded pedal pulse examination by providers in ruling out arterial disease unless specialty notes mentioned a suspicion that ABI was artificially elevated due to severe vascular disease. 
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